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A Versatile Approach for the Asymmetric Synthesis of 3-Alkyl-

isoindolin-1-ones’

CHEN, Ming-De( % ¥ /&)
RUAN, Yuan-Ping( 7. 7% 3 )

HE, Ming-Zhu( % ¥ %)
HUANG, Pei-Qiang* (##78)

HUANG, Li-Qiang(# % )

Department of Chemistry , Xiamen University , Xiamen , Fujian 361005, China

A flexible approach to ( R)-3-alkyl-isoindolin-1-ones and ( R)-
3-aryl-isoindolin-1-ones via a diastereoselective reductive-alky-
lation is described. Present method is versatile in scope, allow-
ing the easy introduction of various C-3 substituents by Grig-
nard addition to phthalimide derived from ( R)-phenylglycinol.
3- Alkyl-3-hydroxy-isoindolin-1-ones can also be obtained in the
first step of the present method.
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3-Substituted isoindolin-1-ones ( 2,3-dihydro-1H-
isoindolin-1-ones) of general structure (1) constitute the
key structural feature of a large number of bioactive
molecules of natural or synthetic origin. For example,
lennoxamine (2),! nuevamine and chilenine are alkaloids
isolated from various barberries species, pazinaclone (3)
is an anxiolytic drug candidate,? and chlortalidone (4) is
a diuretic and antihypertensive drug.> Besides, ( R)- and
(S )-3-methyl-1 H-isoindolin-1-ones have been shown to
be valuable chiral auxiliaries.* As a result, the chemistry
of 3-alkyl-isoindolin-1-ones has attracted much current at-
tention, and a number of valuable synthetic methods have
been developed.’

However, in sharp contrast to the great progress
made in the field of asymmetric synthesis in the last
decade, the methods for the asymmetric synthesis of sim-
ple 3-alkyl-isoindolin-1-ones and 3-aryl-isoindolin-1-ones
in high ee remained largely unexplored. The first paper
on the asymmetric synthesis of ( R)-3-methyl-isoindolin-
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1-one (6a) was reported by Oppolzer in 1990 (Scheme
1),% and the second by Fujisawa is in 1993.% It took
several years before the appearance of the other methods
by Allin (Scheme 2)® and by us”® in 1999. Until 2000,
only two 3-alkyl-1 H-isoindolin-1-ones (namely 3-methyl-
1 H-isoindolin-1-one and 3-phenyl-1 H-isoindolin-1-one )
with high ee have been obtained by asymmetric synthesis.
Oppolzer’ s method (Scheme 1)** called for the use of
N-acyl 1-phenylethylamine as the starting material, is
thus limited to the synthesis of 3-methyl-1 H-isoindolin-1-
one (6a) ;** Fujisawa’ s method™ is limited to the synthe-
sis of 1-substituted 3-allyl-isoindolin-1-one; Allin’s
method (Scheme 2)® seems to be more flexible, however,
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Scheme 1 Oppolzer’ s method
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due to the not easy availability of the starting material, in
addition to the known 3-methyl-1 H-isoindolin-1-one (6a)
(obtained from 9a in the followed three-step procedure:
MsCl, NEt;; NaOEt, EtOH; HCI (3 mol/L), EtOH-
H,0, 80 °C), only 3-phenyl-1H-isoindolin-1-one (6b)
(obtained by heating 9b in conc. H,SO,) has thus been
prepared by this method.® More recently, Enders reported
another approach to 3-aryl substituted 2, 3-dihydro-1H-
isoindolin-1-ones via a tandem nucleophilic 1, 2-addition
ring closure procedure from SAMP / RAMP hydrazones .°

Scheme 2  Allin’ s method
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Consequently, versatile and flexible method for the asym-
metric synthesis of 3-alkyl-isoindolin-1-ones is highly de-
sirable.

Previously, we developed a highly regio- and di-
astereo-selective reductive alkylation of optically active
imides (Scheme 3, 10—>11)" for the asymmetric synthe-
pyrrolidines and S-hydroxy 7-
amino acids. As an extension of this methodology, we be-
gan, in 1998, to explore the similar reductive alkylation
for a versatile and flexible approach to optically active 3-
alkyl-isoindolin-1-ones (12—>13).7'® Central to our ap-
proach has been the asymmetric induction, for this pur-
pose, (R)-phenylglycinol was selected as the chiral aux-
iliary, which was expected to display an exo-cyclic 1,3-

sis of 2-pyrrolidinones,

asymmetric induction. We wish to report herein our

findings in the context.
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Reagents and conditions: (i) neat, 150 C, 96%; (ii) RMgX (a, R=Me; b, R="Ph; c, R=Et; d, R= n-Bu; e, R=i-Bu; f,
R=n-GH;s; g, R=Bn), THF, -15 C, 87%—96%; (iii) ESiH, F3B:OE,, CHCL,, -78 C, 61%~—98%; (iv) p-TsOH
(cat.), 86%—94%; (v) EySiH, TiCl,, CH,CL, -78 °C, 83%—99%.
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Our method is displayed in Scheme 4. The requisite
chiral ( R )-phthalimide derivative 15 was obtained in
high yield by heating a mixture of phthalic anhydride and
( R )-phenylglycinol under solvent free conditions.!!
Treatment of phthalimide derivative 18 with an excess of
methyl magnesium iodide smoothly led to the desired o-
hydroxylactam 16a (Table 1, Entry 1) as a diastereomer-
ic mixture in a ratio of 35:65. The stereochemistry of the
isomeric 16a was not assigned. Although the two diastere-
omers can be separated by column chromatography on sili-
ca gel, the mixture was used in the next step as it was.
Since the followed reductive dehydroxylation was expected
to proceed via the intermediate of the N-acyliminium ion
17a," both the diastereomeric aza-carbinols 16a would
gave the same N-acyliminium ion 17a. Indeed, when the
diastereomeric mixture of 16a was subjected to boron tri-
fluoride etherate mediated triethylsilane reduction, '%!® the
diastereoisomer 9a formed predominately. The diastere-
omeric ratio of 92/18a was 87:13 according to the chro-
matographic separation. Extension of this procedure to
other Grignard reagents led to the corresponding products
9b—9g and 18b—18g in diastereoselectivity varied from
01:9—71:29 (Table 1, Entries 2—7) . The stereochem-
istry of the major diastereoisomer 9 obtained from the pre-
sent reductive-alkylation procedure was ascertained by a
single-crystal X-ray crystallographic analysis of compound
(3R, 1R)-9d* (Fig. 1). The stereochemistries of the
major diastereomers 9a—9¢ and 9e—9g deduced by
comparison their 'H NMR spectra with that of 9d were

Fig. 1 Crystal structure of (3R,1R)-9d.

shown in the general structure 9.

Although in‘all cases the reductive alkylation exhib-
ited reasonable to good exo-cyclic 1, 3-asymmetic induc-
tion, in light of the excellent asymmetric induction ob-
served in the diastereoselective reductive ring-opening of
bicyclic and tricyclic lactams, as demonstrated by Mey-
ers'®®® and more recently, by Allin et al.,® a better di-
astereo-selection could be expected. The most obvious
way to achieve higher diastereoselectivity would reside on
the transformation of aza-carbinols 16 to tricyclic lactams
8 or 19. Although the literature precedents showed that
such conversion is, in some cases, ' difficult to accom-
plish, we were delight to find that in our case, such
transformation could be achieved readily just by stirring,

Table 1 Preparation of 3-substituted isoindolin-1-ones (9) via the reductive alkylation of ( R)-malimide (15)

Enry  Starting material RMgX Product (yield, %)  Isocindolin-1-one (yield, %) 9:18 ratio®
1 15 MeMgl 16a (87) 9a+18a (92) 87:13
2 15 PhMgBr 16b (90) 9b + 18b (90) 71:29
3 15 EtMgBr 16¢ (96) 9c + 18¢ (95) 85:15
4 15 n-BuMgBr 16d (87) 9d + 18d (98) 84:16
5 15 i-BuMgBr 16e (91) 9e + 18e (85) 91:9
6 15 n-C;H;sMgBr 16f (88) 9f + 18f (61) 77:23
7 15 BnMgCl 16g (96) 9g + 18g (97) 81:19

¢ The diastereomeric ratio was determined by chromatographic separation.

Table 2 Preparation of 3-substituted isoindolin-1-ones (9) via the reductive deoxygenation of tricyclic lactams 8

Entry Starting material Cyclic product (yield, %) 8:19 ratio® Isoindolin-1-one (yield, %) 9:18 ratio®
1 16a (R =Me) 8a (92) 96:4 9a + 18a (83) 95:5
2 16e (R = i-Bu) 8e (50) ca. 100:0 9e + 18e (65) ca. 100:0

¢ The diastereomeric ratio was determined by chromatographic separation.
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at room temperature, aza-carbinol 16a under acidic con-
ditions ( Scheme 4). Thus, tricyclic lactam 8a was
formed in exellent diastereoselectivity ( Table 2, Entry
1). The fact that heating the diastereomeric mixture of
aza-carbinol 16a under acidic conditions affords the same
diastereoisomer as that obtained at room temperature might
implicate that the isolated tricyclic lactam 8a is the ther-
modynamically more stable diastereoisomer, which is also
the same as that obtained by an alternative method.® The
observed stereochemistry preference during the formation
of 8a is well documented in the literature for bicyclic 1, 3-

163> and 1, 3-oxazolopyrrolidines. % The

oxazololactams
reductive ring-opening of 8a under standard conditions
(TiCly, ESiH, CH,Cl,, - 78 C)B%* afforded, as an-
ticipated, 9a and 18a in excellent diastereoselectivity
(9a:18a=95:5). Similarly, the reductive ring opening
of 8e gave 9e as the sole diastereomer. However, 8e was
formed in only 50% yield from 16¢ due to dehydrative
side reaction. Thus, in the present method, the two vari-
ations depicted in Scheme 4 are complementary in view of
chemical yield and stereoselectivity. The chiral auxiliary
on nitrogen of 3-alkyl-isoindolin-1-ones (9) could be
cleaved under racemization-free conditions to afford 3-
alkyl-isoindolin-1-ones® !’ as demonstrated for 9a and 9b
(Scheme 2) .67

In summary, a versatile and flexible approach to
( R )-3-alkyl-isoindolin-1-ones and ( R )-3-aryl-isoin-
dolin-1-ones of general structure (1) is developed via a
highly diastereoselective reductive-alkylation procedure.
This method is versatile in scope, since various C-3 sub-
stituents can be introduced easily by Grignard reaction. 3-
Substituted 3-hydroxy-isoindolin-1-ones (16) can also be
obtained from the Grignard addition. The application of
present method to the asymmetric synthesis of 3-alkyl-
isoindolin-1-one based bioactive and/or natural products

is in progress.
References and notes

1 Fuchs, J. R.; Funk, R. L. Org. Leit. 2001, 3, 3923.

2 Wada, T.; Fukuda, N. Psychopharmacology (Berlin) 1991,
103, 314.

3  Windholtz, M. The Merck Index, 10th ed., Merck & CO.,
Inc., Rahway, 1983, 130.

4 (a) Oppolzer, W.; Wills, M.; Kelly, M. J.; Signer, M.;
Blagg, J. Tetrahedron Lett. 1990, 31, 5015.
(b) Murphy, J. P.; Nieuwenhuyzen, M.; Reynolds, K.;
Sarma, P. K. S.; Stevenson, P. J. Tetrahedron Lett.

10

11

1995, 36, 9533.

(¢) McAlonan, H.; Murphy, J. P.; Nieuwenhuyzen, M. ;
Reynolds, K.; Sarma, P. K. S.; Stevenson, P. ].;
Thompson, N. J. Chem. Soc., Perkin Trans. 1 2002,
69.

(d) Ukaji, Y.; Tsukamoto, K.; Nasada, Y.; Shimizu,
M.; Fujisawa, T. Chem. Lett. 1993, 221.

(a) Hunter, R.; Richards, P. Tetrahedron Lett. 2000, 41,
3755.

(b) Kundu, N. G.; Khan, M. W. Tetrahedron 2000, 56,
4777.

(c) Epsztajn, J.; Jozwiak, A.; Koluda, P.; Sadokierska,
I.; Wilkowska, I. D. Tetrahedron 2000, 56, 4837.

(d) Hoarau, C.; Couture, A.; Deniau, E.; Grand-
claudon, P. Synthesis 2000, 655.

(e) Deniau, E.; Enders, D. Tetrahedron Lett. 2000, 41,
2347.

(f) Y\oda, H.; Matsuda, K.; Nomura, H.; Takabe, K.
Tetrahedron Lett . 2000, 41, 1775.

(g) Koseki, Y.; Kusano, S.; Sakata, H.; Nagasaka, T.
Tetrahedron Lett. 1999, 40, 2169.

(h) Luzzio, F. A.; Zacherl, D. P. Tetrahedron Lett.
1998, 39, 2285.

(i) Deniau, E.; Enders, D. Tetrahedron 2001, 57, 2581.
(a) Allin, S. M.; Northfield, C. J.; Page, M. I.; Slaw-
in, A. M. Z. Tetrahedron Lett. 1999, 40, 141.

(b) Allin, S. M.; Northfield, C. J.; Page, M. I.; Slaw-
in, A. M. Z. Tetrahedron Lett . 1999, 40, 143.

(¢) Allin, S. M.; Northfield, C. J.; Page, M. I.; Slaw-
n, A. M. Z. J. Chem. Soc., Perkin Trans. 1 2000,
1715.

This work was taken in part from: Huang, L.-Q. M. S.
Thesis , Xiamen University, Xiamen, 2002 (in Chinese) .
Huang, L.-Q.; Chen, M.-D.; Huang, P.-Q. In The 8th
National Symposium on Organic Synthesis, November, Xia-
men, 1999 (J. Xiamen Univ., Nat. Sci. supplementary is-
sue) p. 94 (in Chinese).

Enders, D.; Braig, V.; Raabe, G. Can. J. Chem.
2001, 79, 1528.

(a) Huang, P.-Q.; Chen, Q.-F.; Chen, C.-L.; Zhang,
H.-K. Tesrahedron: Asymmetry 1999, 10, 3827.

(b) Huang, P.-Q.; Wang, S.-L.; Ye, J.-L.; Ruan, Y.-
P.; Huang, Y.-Q.; Zheng, H. Tetrahedron 1998, 54,
12547.

(c¢) Huang, P.-Q.; Ye, J.-L.; Chen, Z.; Ruan, Y.-P.
Synih. Commun. 1998, 28, 417.

(d) Huang, P.-Q.; Wang, S.-L.; Ruan, Y.-P. Na.
Prod. Leit. 1998, 11, 101.

(e) Huang, P.-Q.; Wang, S.-L.; Zheng, H.; Fei, X.-
S. Tetrahedron Leit. 1997, 38, 271.

Kumar, G. B.; Shah, A. C.; Pilati, T. Tetrahedron Lett.
1997, 38, 3297.



Vol. 20 No. 11 2002

Chinese Journal of Chemistry

1153

12

13

14

For a recent review see: Speckamp, W. N.; Moolenaar, M.
J. Tetrahedron 2000, 56, 3817.

(a) Kursanov, D. N.; Pares, Z. N.; Loim, N. M. Syn-
thesis 1974, 633.

(b) Hant, D. J.; Yang, T.-K. J. Org. Chem. 1985,
50, 235.

(¢) Rolf, D.; Gray, G. R. J. Am. Chem. Soc. 1982,
104, 3539.

(d) Burgess, L. E.; Meyers, A. I. J. Am. Chem. Soc.
1991, 113, 9858.

(e) Burgess, L. E.; Meyers, A. I. J. Org. Chem. 1992,
57, 1656.

(f) Yoda, H.; Kitayama, H.; Yamada, W.; Katagiri, T.;
Takabe, K. Tetrahedron: Asymmetry 1993, 4, 1451.

(a) In the course of the second revision of this paper, another
approach to ( R )-3-alkyl-isoindolin-1-ones appeared: Pérard-
Viret, J.; Prangé, T.; Tomas, A.; Royer, J. Tetrahedron
2002, 58, 5103.

(b) (3R, 1R)-9a: [o]® 88.6 (¢ 2.26, CH,CL) {Lit.
lalp 21.3 (e 2.34, CH,CL);* [alp 84 (c 0.9,
CH,CL)™*}. (3R,1R)-9b: []F -75.2 (¢ 3.2, CHCL)
{Lit.% for (35,15)-9b: [a]p 84.8 (¢ 3.3, CH(L) |.
(3R,1R)-9g: [a]¥53.6 (¢ 1.1, CHCL) {Lit.** [«]p 66
(¢ 0.5, CHCL)}.

(c) Selected data for 9d: m.p. 130—132 C; [a]¥ 61.8

15

16

17

(¢ 1.0, CHCL); 'H NMR (500 MHz, CDCL) &: 0.64—
0.74 (m, 1H, CH,CH,CH,), 0.80 (t, J=7.3 Hz, 3H,
CH;), 1.06—1.16 (m, 1H, CH,CH,CH,), 1.16—1.28
(m, 2H, CH,CH,CH;), 1.86—2.01 (m, 2H, CH,CH,-
CH,), 4.11 (dd, J=3.2, 12.4 Hz, 1H, CH,0H), 4.39
(dd, J=2.9, 5.2 Hz, 1H, CCHCH,), 4.48 (dd, J =
8.0, 12.4 Hz, 1H, CH,0H), 4.66 (dd, J=3.2, 8.0 Hz,
1H, PhCHN), 7.24—7.40 (m, 6H, ArH), 7.50 (i, J=
7.45 Hz, 1H, AH), 7.56 (t, J =7.45, 1.1 Hz, 1H,
ArH), 7.88 (d, J =7.45 Hz, 1H, ArH); IR (KBr) v;
3361, 1716, 1652, 1614, 1470, 1408 cm~'; MS (LCQ)
m/z (%): 310 (MH*, 100). Anal. caled for CoH;NO, :
C77.69, H 7.49, N 4.45; found C 77.34, H 7.47, N
4.53.

Mishra, S. K.; Vani, T. R.; Rao, R. B. Indian J.
Chem. 1993, 32B, 641.

(a) Meyers, A. I.; Brengel, G. P. Chem. Commun.
1997, 1. .

(b) Romo, D.; Meyers, A. I. Tewrahedron 1995, 47,
9503.

(c) Huang, P.-Q.; Arseniyadis, S.; Husson, H.-P. Te-
trahedron Lett . 1987, 28, 547.

Fains, O.; Vermnon, J. M. Tetrahedron Lett. 1997, 38,
8265.

(E0204156 LI, L. T.; LING, J.)



